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,Q DFFRUGLQJ WR WKH VSHFLILF DHURQDXWLF LQVWUXFWLRQV >@ WZR W\SHV RI YLEUDWLRQ WHVWV DUH UHTXLUHG WR EH
SHUIRUPHG ZLWK GLIIHUHQW W\SHV RI H[FLWDWLRQ random YLEUDWLRQ WHVW ZLWK LQSXW GHILQHG E\ DFFHOHUDWLRQ 3RZHU
6SHFWUDO 'HQVLW\ 36' IXQFWLRQV >@ DQG sine sweep YLEUDWLRQ RQH ZLWK LQSXW GHILQHG E\ DFFHOHUDWLRQ VLPSOH
VSHFWUD>@
7KHVFHQDULRRIvirtualTXDOLILFDWLRQWKDWWKHGHVLJQHULVIDFHWRXSLVWRQXPHULFDOO\UHSOLFDWHWKHH[SHULPHQWDO
WHVWVSURYLGLQJWKHG\QDPLFEHKDYLRURIWKHFRPSRQHQWVDQGWU\LQJWRTXDQWLI\WKHIDWLJXHOLIH>@H[SUHVVHGIRU
H[DPSOH DV WKH QXPEHU RI UHSHWLWLRQV RI WKH HQGXUDQFH WHVWV tests to failure 7KH W\SH RI WHVWV WR EH VLPXODWHG
VXJJHVWV DQ DSSURDFK LQ IUHTXHQF\GRPDLQERWK IRU WKHG\QDPLF VLPXODWLRQ WKDW IRU WKH HYDOXDWLRQRI WKH IDWLJXH
EHKDYLRU'HWDLOHGUHVXOWVFDQEHREWDLQHGE\QXPHULFDOPRGHOVEXLOWE\GHGLFDWHGILQLWHHOHPHQW)(VRIWZDUHDQG
SHUIRUPLQJ KHDY\ DQDO\VHV LQ WHUPV RI FDOFXODWLRQ WLPHV 'XULQJ WKH ILUVW VWDJHV RI WKH GHVLJQ WKH UHGXFHG
FRPSXWDWLRQDOHIIRUWLVSUREDEO\WKHPDMRUDVSHFWWREHDGGUHVVHG,QWKLVVWDJHLVLPSRUWDQWWRKDYHWRROVWRSHUIRUP
TXDOLWDWLYHDQDO\VLV WRPDNHTXLFNO\FRPSDULVRQVEHWZHHQGLIIHUHQWVROXWLRQVDGRSWLQJWKHPRVWDFFXUDWHDQDO\VHV
RQO\WRLWVODVWSKDVH
,Q6HFWLRQ LWZLOOEHVKRZQKRZFDQEHXVHG LQ WKHHDUO\VWDJHVRIGHVLJQDQDQDO\WLFDOQXPHULFDODSSURDFK
EDVHG RQ D W\SLFDO PRGDO V\QWKHVLV DSSURDFK &UDLJ DQG %DPSWRQ >@ WRJHWKHU ZLWK D State Space > @
UHSUHVHQWDWLRQRIWKHV\VWHP7KLVPRGHOLQJFDUULHGRXWHQWLUHO\LQDQXPHULFDOFDOFXODWLRQHQYLURQPHQW0DWODE
DOORZVWRREWDLQUDSLGDQGYDOLGUHVXOWVIRUFRPSDULVRQVDQGTXDOLWDWLYHDVVHVVPHQWVRIWKHVHQVLWLYLW\RIWKHV\VWHP
WRGLIIHUHQWPHFKDQLFDOGHVLJQSDUDPHWHUV
,Q6HFWLRQDQDOWHUQDWLYH)(G\QDPLFDQDO\VLVSURFHGXUHZLOOEHSURSRVHG WR UXQ LQ IUHTXHQF\GRPDLQsine
sweepWHVWVVLPXODWLRQVE\DYRLGLQJFODVVLFDOharmonic analyses >@LQRUGHUWRUHGXFHWKHFDOFXODWLRQWLPH
7KLVLVSRVVLEOHE\XVHVVXLWDEOHWUDQVIRUPDWLRQVRIWKHLQSXWVLPSOHIUHTXHQF\VSHFWUDLQWRWKHFRUUHVSRQGLQJ36'
IXQFWLRQVWRSHUIRUPRQHIDVWHUPSD spectrum>@DQDO\VLVDQGWKHQFRQYHUWLQJWKHRXWSXWH[SUHVVHGLQ
WHUPVRI36'IXQFWLRQLQWRDVLPSOHIUHTXHQF\VSHFWUXPDJDLQ
,Q6HFWLRQDWHVWFDVHZLOOEHVKRZQ7KHPRGHOLQJDQGDQDO\VLVVWHSVZLOOEHGHVFULEHGFRPSDULQJWKHDQDO\WLFDO
DQG)(DSSURDFKHVDQGVLPXODWLQJDVLQHVZHHSWHVW
$QDO\WLFDO1XPHULFDODSSURDFK
7KHVWUXFWXUDOVFKHPHRIBallScrewsDFWXDWRUV)LJLVVLPLODUWRDEHDPIL[HGDWRQHHQGDQGIXUWKHUVXSSRUWHG
LQ WKH nut, UHVXOWLQJ LQ RU D IL[HGIL[HG EHDP nut H[WHQGHG FRQILJXUDWLRQ DQG FODPSHG RQH nut UHWUDFWHG
FRQILJXUDWLRQ7KHDFWXDWRUPRGHOLQJFRXOGEHGRQHE\DGRSWLQJILQLWHHOHPHQWPHWKRGE\XVLQJDQDO\WLFDODSSURDFK
DQGEHDPHOHPHQWVZLWKRQO\WZRGHJUHHVRIIUHHGRPSHUQRGHYHUWLFDOWUDQVODWLRQDQGURWDWLRQ
0DVVOXPSHGMDQGVWLIIQHVVKPDWULFHVRIWKHHOHPHQWDUHVKRZQLQHTXDWLRQDFFRUGLQJWRWKHGHILQLWLRQ
)LJ%DOOVFUHZDFWXDWRUPHFKDQLFDOVFKHPH
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7KH LQWHJUDWLRQZDVPDGHE\ D FODVVLFState Space DSSURDFK >@ WKDWZLWK DQDSSURSULDWH VHOHFWLRQRI WKH
VWDWHVRIWKHV\VWHPDQGE\XVLQJWKHFRQVWLWXWLYHHTXDWLRQVWKDWOLQNGHIRUPDWLRQVDQGVWUHVVHVDOORZVWRREWDLQWKH
RXWSXWVWUHVVVWDWHRIV\VWHPQRGHVH[SUHVVHGDVIUHTXHQF\VSHFWUD
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,Q WKH SUHYLRXV HTXDWLRQ  V Zi jyH LV WKH IUHTXHQF\ UHVSRQVH IXQFWLRQ )5) EHWZHHQ QRGDO VWUHVV DQG
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8VLQJ  LW LV SRVVLEOH WR HVWLPDWH WKH VWUHVV 36' IXQFWLRQ DW HDFK jWK QRGH RI WKH V\VWHP LQ WKH IDFH RI DQ
H[FLWDWLRQH[SUHVVHGLQWHUPVRIQRGDODFFHOHUDWLRQ36'IXQFWLRQDSSOLHGDWiWKQRGH
6LQH6ZHHS7HVWVLPXODWLRQDQGGDPDJHHYDOXDWLRQ
$V DIILUPHG LQ WKH LQWURGXFWLRQ YLEUDWLRQ WHVWV KDYH WR EH SHUIRUPHG WR TXDOLI\ FRPSRQHQWV ,Q DFFRUGLQJ WR
DHURQDXWLFUHJXODWLRQVWZRW\SHRIYLEUDWLRQWHVWLQJDQGFRQVHTXHQWO\QXPHULFDODQDO\VHVPXVWEHVLPXODWHGLQ)(
HQYLURQPHQW
5DQGRP WHVW FDQ EH VLPXODWHG )LJ \HOORZ ER[HV E\ SHUIRUPLQJ D 36' VSHFWUXP DQDO\VLV ZLWK DV LQSXW
QRUPDWLYHDFFHOHUDWLRQ36'IXQFWLRQV7KHSURFHGXUHUHTXLUHVDSUHOLPLQDU\PRGDODQDO\VLVQDWXUDOIUHTXHQFLHVDQG
QRUPDOPRGHV HVVHQWLDO LQIRUPDWLRQ IRU WKH VXEVHTXHQWG\QDPLF DQDO\VLV7KH UHVXOWV LQ WKH IRUPRI VWUHVV36'
IXQFWLRQVFDQEHSURFHVVHGWRDVVHVVGDPDJHE\IUHTXHQF\PHWKRGV>@
7KHVZHHSWHVWH[SRVHVWKHV\VWHPWRDVHWRIVLQXVRLGDOYLEUDWLRQ'XULQJWKHWHVWWKHYLEUDWLRQZDYHIRUPVDUH
VZHSWWKURXJKDUDQJHRIIUHTXHQFLHV7KHDPSOLWXGHLVGHILQHGE\WKHVSHFLILFQRUPDWLYH>@7KHVLPXODWLRQLQWRD
)(HQYLURQPHQWFDQEHGRQHE\SHUIRUPLQJDVHWRIKDUPRQLFDQDO\VHVRQHIRUHDFKLQSXWVSHFWUXPWRSURYLGHWKH
)5) IXQFWLRQVPDWUL[ RI WKH V\VWHP 3UHOLPLQDULO\ DPRGDO DQDO\VLVPXVW EH GRQH WR LQGLYLGXDWH V\VWHP QDWXUDO
IUHTXHQFLHVDVUHTXLUHGE\QRUPDWLYH
,QRUGHUWRVSHHGXSDVPXFKDVSRVVLEOHWKLVODVWDQDO\VLVWKHSURSRVHGSURFHGXUHXVHVWKHWUDQVIRUPDWLRQRIWKH
VLPSOHIUHTXHQF\VSHFWUDLQSXWVLQWRDFFHOHUDWLRQ36'IXQFWLRQVSHUIRUPVD36'VSHFWUXPDQDO\VLVWKHQFRQYHUWLQJ
WKH36'IXQFWLRQVRXWSXWLQWRVLPSOHIUHTXHQF\VSHFWUDDFFRUGLQJWRWKHHTXDWLRQ

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SZLVWKHVLPSOHIUHTXHQF\VSHFWUXPPSDLVWKH3RZHU6SHFWUDO'HQVLW\IXQFWLRQZLVWKHDQJXODUIUHTXHQF\
)LJ)ORZFKDUWRIDQDO\VLVPHWKRG
193 Claudio Braccesi et al. /  Procedia Engineering  109 ( 2015 )  189 – 196 
H[SUHVVHGLQUDGVHFDQG'ZLVWKHDQJXODUIUHTXHQF\UDQJH
7KH GLDJUDP RI WKH FDUULHG RXW VLPXODWLRQ SURFHGXUH LV VKRZQ LQ )LJ $ 36' VSHFWUXP DQDO\VLV LV D IDVWHU
DOWHUQDWLYH WR WKHKDUPRQLFDQDO\VLVDSSURDFK7KHHYDOXDWLRQRI ORDGVSHFWUD LV WKHQSDUWLFXODUO\VLPSOHZKHQ WKH
VWUHVVLVH[SUHVVHGDVIUHTXHQF\VLPSOHVSHFWUXPVLQFHLQRUGHUWRFRXQWWKHF\FOHVDWHDFKVWUHVVOHYHOLVVXIILFLHQWWR
PXOWLSO\WKHFRUUHVSRQGLQJIUHTXHQF\IRUWKHGXUDWLRQRIH[SRVXUHDWHDFKIUHTXHQF\
6WDUWLQJIURPWKHQRPLQDOVWUHVVVLPSOHVSHFWUXPSı’ZRIWKHJHQHULFQRGHHOHPHQWEXWH[SUHVVHGLQIXQFWLRQRI
IUHTXHQF\fWKHGDPDJHLVHYDOXDEOHDFFRUGLQJWRPalmgren-Miner¶VUXOHE\WKHIROORZLQJHTXDWLRQ

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
ZKHUHSı f LVWKHUHDODPSOLWXGHRIWKHIDWLJXHF\FOHDWWKHfIUHTXHQF\+HUW]LQFUHDVHGUHVSHFWWKHQRPLQDO
RQHSı’,ZLWKWKHLQWHQVLW\IDFWRUFRHIILFLHQWKtWKHVXUIDFHFRHIILFLHQWbsDQGWKHUHOLDELOLW\RQHbA>@
7KHWHUPNSı f UHSUHVHQWVWKHQXPEHURIF\FOHVWRIDLOXUHIRUWKHDPSOLWXGHSı WKDWFDQEHREWDLQHGIURPWKH
GXUDWLRQFXUYHRIWKHPDWHULDODQGKHWHUPnSı f UHSUHVHQWVWKHQXPEHURIDSSOLHGF\FOHVDWHDFKIUHTXHQF\
Sı f HYDOXDWLRQLVVKRZQLQHTXDWLRQLQZKLFKPSDVLVWKH36'IXQFWLRQRIQRPLQDOVWUHVVDQGLQZKLFKWKH
WUDQVIRUPDWLRQLVDGRSWHG

    V V    t s AS f K b b PSD f         

7KHQXPEHUnRIF\FOHVFRXQWHGDWHDFKIUHTXHQF\fLVJLYHQE\

    V  n S f f t f          

ZKHUHt f LVWKH sweep time, WKDWLVWKHGXUDWLRQRIH[SRVXUHDWHDFKIUHTXHQF\
7HVWFDVH
4.1. Modeling 
7KHEDOO6FUHZVDFWXDWRUVFRQVLVWRIVHYHUDOFRPSRQHQWVDVVKRZQLQ)LJWKHscrewWKHnutWKHballsWKHWZR
WHUPLQDOQRQWKUHDGHGDQG WKHHOHPHQWVGHQRPLQDWHGforcDQGginbal7KHginbalsDUHHOHPHQWVFRQQHFWHG WR
WKHQXWLQZKLFKWKHEHDULQJVDUHLQVHUWHGDQGDOORZWKHVOLSSDJHRIWKHHOHPHQWRQWKHVORSHVSDUDOOHOWRWKHVFUHZ
D[LVEXWNHHSWKHDEVROXWHURWDWLRQRIWKHQXW,QWKLVZD\DPRWLRQRILPSRVHGWUDQVODWLRQRQWKHVQDLOWKURXJKWKH
forcFDXVHVD WZLVWRI WKHVFUHZ$VDIILUPHGEHIRUH WKH VWUXFWXUDO VFKHPHRI WKHV\VWHP )LJ LV VLPLODU WRD
EHDPIL[HGDWRQHHQGDQGIXUWKHUVXSSRUWHGLQWKHnutZKRVHSRVLWLRQFRPELQHGZLWKWKHIOH[LELOLW\RIWKHVFUHZ
GHWHUPLQHVDG\QDPLFVWUXFWXUDOUHVSRQVHW\SLFDORIDIL[HGIL[HGEHDPnut³H[WHQGHG´FRQILJXUDWLRQRUFODPSHG
RQH nut ³UHWUDFWHG´ FRQILJXUDWLRQ )RXU W\SHV RI DHURQDXWLF ballScrews GHQRPLQDWHG 4-inboard 1-inboard 2-
inboard DQG1-outboardZHUHDQDO\]HG >@7KHDQDO\]HVZHUHFDUULHGRXWZLWK WKHQXWPRXQWHG LQ IRXUGLIIHUHQW
FRQILJXUDWLRQVSRVLWLRQVDQGRIWKHWRWDOOHQJWKRIWKHVFUHZ%RWKWKHPRGHOOLQJDSSURDFKHV
ZHUHXVHGDQDO\WLFDOQXPHULFDODQG)(
$VFRQFHUQVDQDO\WLFDOQXPHULFDOPRGHOEHDPPRGHOLQJSURSRVHGEHIRUH VLPSO\DOORZV WRPRGHO WKHSUHYLRXV
FRQILJXUDWLRQVE\QRGHVDQGHOHPHQWVPRGHORQO\QHHGLQJVWUHVVFRUUHFWLRQFRHIILFLHQWVKtbs bAIRUHDFKQRGH
WRHYDOXDWH WKH UHDOVWUHVVVWDWH7KHVWUHVV LQWHQVLW\ IDFWRUKtZDVREWDLQHGE\ WKHIROORZLQJ')(PRGHOLQJDQG
VLPXODWLRQ
$V FRQFHUQV )(PRGHOLQJ 'PRGHOVZHUH UHDOL]HG DGRSWLQJ D FRPPHUFLDO FRGH $16<6 6ROLG HOHPHQWV
ZHUHXVHGLQSDUWLFXODUWKHVRFDOOHGSolid72HOHPHQWFKDUDFWHUL]HGE\dofSHUQRGH>@7KHEDOOVLQFRQWDFWZLWK
WKHWKUHDGZDVPRGHOOHGE\VSULQJHOHPHQWVFDOOHGCombine14>@KDYLQJWKHDSSURSULDWHVWLIIQHVV
7KHPRGHOOLQJRIWUDFNVLQWRWKHVFUHZLPSURSHUO\FDOOHGWKUHDGVKDVEHHQOLPLWHGWRWKHSRUWLRQRIWKHVFUHZDW
WKH LQWHUIDFH ZLWK WKH QXW )LJ LQ RUGHU WR PDLQWDLQ WKH H[FOXVLYH SURFHGXUH IRU PRGHOLQJ FRQWDFW EDOOWUDFN
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DFFRUGLQJWRDQLGHDGHYHORSHGE\PDQXIDFWXUHU
7KHUHPDLQLQJSDUWRIWKHVFUHZLQRUGHUWRQRWFRPSOLFDWHWKHPRGHOLQJDQGWKHVLPXODWLRQKDVEHHQPRGHOHG
ZLWKDVLPSOHF\OLQGULFDOVKDSHLQZKLFKLVJLYHQDQRXWVLGHHTXLYDOHQWGLDPHWHUHYDOXDWHGZLWKWKHDLPWRPDLQWDLQ
XQFKDQJHGWKHG\QDPLFFKDUDFWHULVWLFVRIWKHVFUHZWKUHDGVWLIIQHVV,IWKHHOHPHQWVWLIIQHVVLVFRQVWDQWFRQVHTXHQWO\
WKHPDVVFDQEHFRUUHFWHGE\GHILQLQJDILFWLWLRXVGHQVLW\KtFRHIILFLHQW LVFRQVLGHUHGIRU WKH WKUHDG LW WDNHV LQWR
DFFRXQW WKH HIIHFW RI WKH VWUHVV FRQFHQWUDWLRQQHDU WKH WKUHDG LWVHOI7KHFRHIILFLHQWZDVQXPHULFDOO\ HYDOXDWHGE\
VWDWLFDQDO\VLVILQGLQJDYDOXHHTXDOWR7KLVFRHIILFLHQWZDVXVHGIRUERWKDQDO\WLFDODQG)(PRGHO
7KHVFUHZVKDIWZDVFRQVWUDLQHGLQRQHRIWKHWZRH[WUHPHVE\PHDQVRIDIL[HGMRLQWDQGLQWKHRWKHURQHnut
E\DFRQVWUDLQWWKDWOHWVIUHHRQO\WKHWUDQVODWLRQDOdofDORQJWKHVKDIWD[LV
$OVRWKH³forc´HOHPHQWZDVIL[HGDQGWKH³ginbal´RQHVZHUHFRQVWUDLQHGE\UROOHUMRLQWVVRWKDWWKH³ginbal´FDQ
WUDQVODWHDORQJLWVD[LVEXWWKHURWDWLRQRIQXWDURXQGWKHVKDIWVFUHZLVDYRLGHG7KH)LJVKRZVDVH[DPSOHWKH)(
PRGHOVRIWZRW\SHVRIDFWXDWRUV1-inboardH2-indoard>@
4.2. Simulations and results 
$FFRUGLQJWRWKHDHURQDXWLFVLQVWUXFWLRQ0,/67'(>@DGRSWHGE\WKHFRPSDQ\DVLQHVZHHSWHVWKDGWR
EHGRQHFRQVLVWLQJLQDQDSSOLHGDFFHOHUDWLRQVLPSOHVSHFWUXPZLWKDPSOLWXGHOHYHOVYDULDEOHLQWKHIUHTXHQF\UDQJH
EHWZHHQ+]DQG+])LJD

)LJD)(PRGHORI1-inboardE)(PRGHORI2-inboard
)LJD,QSXW6SHFWUXPE)DWLJXH61FXUYHIRUPDWHULDO&URQLGXU
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
7KH DQDO\]HVZHUH FDUULHG RXW RQ WKH IRXUPRGHO FRQILJXUDWLRQV GHVFULEHG DERYH DQG H[FLWHG DORQJ WKH WKUHH
SULQFLSDOD[HV yYHUWLFDOxWUDQVYHUVHDQGzVFUHZD[LV
7KH WLPH RI H[SRVXUH LV GHILQHG DV IROORZV  PLQXWHV LQ WKH H[WHQGHG FRQILJXUDWLRQ  DQG 
H[WHQVLRQDQGPLQXWHVLQUHWUDFWHGFRQILJXUDWLRQDQGH[WHQVLRQIRUHDFKRIWKHWKUHHD[HV7KHWRWDO
WLPHRIWKHWHVWVKRXOGEHDOORFDWHGVRWKDWLQHDFKRIWKHLGHQWLILHGQDWXUDOIUHTXHQFLHVXSWRDPD[LPXPRIIRXUWKH
H[FLWDWLRQ VWD\V  PLQXWHV LQ WKH ³H[WHQGHG´ FRQILJXUDWLRQ DQG PLQXWHV LQ WKH ³UHWUDFWHG´ FRQILJXUDWLRQ 7KH
RWKHUVIUHTXHQFLHVRIWKHUDQJHGHILQHGIRUWKHWHVWKDGWREHVZHSWZLWKDVSHHGRIRFWDYHPLQXWH
3UHOLPLQDULO\D VWDWLFDQDO\VLVZDVFRQGXFWHG WRDVVHVV WKH OHYHOVRI VWUHVVGXH WR WKHSUHORDG7KHVHFDOFXODWHG
VWUHVVYDOXHVZHUHVXEVHTXHQWO\VXSHULPSRVHGDVPHDQFRPSRQHQWVRIWKHVWUHVVOHYHOVWLPHYDU\LQJHYDOXDWHGE\
WKHG\QDPLFDQDO\VLVWKLVRSHUDWLRQLVSRVVLEOHIRUWKHDVVXPHGK\SRWKHVLVRIV\VWHPOLQHDULW\
$VDIILUPHGEHIRUHWKHG\QDPLFDQDO\VLVQHHGVDSUHOLPLQDU\PRGDORQHQDWXUDOIUHTXHQFLHVDQGQRUPDOPRGHV
WRREWDLQHVVHQWLDO LQIRUPDWLRQIRU WKHVXEVHTXHQWG\QDPLF36'DQDO\VLVFRQGXFWHGWRHYDOXDWH WKHVWUHVVHVLQ WKH
VFUHZ LQ WHUPV RI 36' IXQFWLRQV )LJD ZKHQ ORDGHG E\ DFFHOHUDWLRQ 36' LQSXWV DFFRUGLQJ WR WKH SURSRVHG
SURFHGXUH)LJ
7KHVWUHVV36'IXQFWLRQVLQWKHIRUPRIvon Mises HTXLYDOHQWVWUHVV>@LVFRQVLGHUHGDQGWUDQVIRUPHGE\
LQWRVLPSOHVSHFWUD)LJEWKHQDFFRUGLQJWRWKHSURSRVHGSURFHGXUHLVYHU\VLPSOHWREXLOGWKHORDGVSHFWUDWR
FRPSDUHZLWK WKH VWUHQJWK 61 FXUYH )LJE RI WKHPDWHULDO &URQLGXU  DQG WR DVVHVV WKH GDPDJH DGRSWLQJ
Palmgren-Miner¶VUXOH>@

7DEOH4-inboardDFWXDWRU7RWDO'DPDJHDQGWKH7HVWWR)DLOXUHRIWKHPRVWVWUHVVHGHOHPHQWV

(OHPHQW,' 'DPDJHxGLUHFWLRQ
'DPDJH
yGLUHFWLRQ
'DPDJH
zGLUHFWLRQ
7RWDO
'DPDJH
7HVWV
WR)DLOXUH
  ā ā ā 
  ā ā ā 
  ā ā ā 
  ā ā ā 
  ā ā ā 

$Q H[DPSOH RI WKH UHVXOW LV UHSRUWHG LQ 7DEOH  ZKHUH WKH 7RWDO 'DPDJH DQG WKH 7HVWV WR )DLOXUH RI VRPH
)LJDvon MisesVWUHVV36'IXQFWLRQVIRUVRPHQRGHVRI')(PRGHORI4-inboard - UHGFXUYHVDQGEOXHFXUYHV
Evon MisesVWUHVVIUHTXHQF\VLPSOHVSHFWUDRI4-inboard &RPSDULVRQEHWZHHQQXPHULFDODQDO\WLFLQJUHHQDQG')(DSSURDFKLQEOXH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HOHPHQWVLGHQWLILHGE\DFRGH(OHPHQW,'DUHVKRZQ7KHVHYDOXHVUHIHUWRWKHDFWXDWRUFDOOHG4-inboardZLWK
H[WHQVLRQRIWKHWRWDOOHQJWKDQGUHJDUGWKHILYHPRVWVWUHVVHGHOHPHQWV
7KHUHVXOWVVKRZWKDWWKHFRPSRQHQWUHVSRQGVZHOOWRLPSRVHGWHVWVSHFLILFDWLRQV6LPLODUUHVXOWVDUHREWDLQHGIRU
RWKHUW\SHVRIDFWXDWRUVLQWKHYDULRXVFRQILJXUDWLRQV
,Q RUGHU WR HYDOXDWH WKH TXDOLW\ DQG HIIHFWLYHQHVV RI WKH VLPSOHVW DQG PRVW LPPHGLDWH DQDO\WLFDO DSSURDFK D
FRPSDULVRQEHWZHHQWKHDQDO\WLFDOQXPHULFDOPRGHO0DWODEDQG)($16<6DQDO\VLVLQWHUPVRIVWUHVVVLPSOH
IUHTXHQF\ VSHFWUD KDV EHHQPDGH )LJE LOOXVWUDWHV WKH UHVXOWV FRPSDULVRQ DW WKH PLGVSDQ RI WKH VFUHZ IRU WKH
DFWXDWRU4-inboardZLWKQXWSRVLWLRQHGDWGXULQJWKHWHVWZLWKH[FLWDWLRQDORQJxGLUHFWLRQ7KHDQDO\VLVVKRZV
DJRRGFRUUHVSRQGHQFHRIWKHWZRPRGHOVFRQILUPLQJWKHXVHIXOQHVVRIWKHDQDO\WLFDOQXPHULFDOVLPSOHDSSURDFKIRU
WKHILUVWVWDJHRIWKHGHVLJQIRUWKLVNLQGRIFRPSRQHQWV
&RQFOXVLRQV
,Q WKLV SDSHU D SURFHGXUH WR SHUIRUP IUHTXHQF\ GRPDLQ G\QDPLF VLPXODWLRQ WR HYDOXDWH IDWLJXH EHKDYLRXU RI
DHURQDXWLFDFWXDWRUVORDGHGE\VLQHVZHHSWHVWLVVKRZQ7KHSURSRVHGSURFHGXUHVSHHGVXSWKHFODVVLFIUHTXHQF\
GRPDLQ VLPXODWLRQ DSSURDFK DQG DOORZV WR XVH WKH VDPH DQDO\VLV PHWKRG IRU ERWK 36' DQG VLQH VZHHS WHVWV
0RUHRYHUWKHDFWLYLW\FRQILUPVWKHXVHIXOQHVVRIWKHDQDO\WLFDOQXPHULFDOPRGHOOLQJDSSURDFKE\EHDPHOHPHQWV
HVSHFLDOO\IRUWKHILUVWVWDJHRIWKHGHVLJQZKHQWKHFRPSRQHQWVEHKDYLRXULVVLPLODUWRDEHDPRQH
5HIHUHQFHV
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>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